Abstract -Traditional engineering curricula often do not provide opportunities for students to experience working with non-technical collaborators on real projects. Such interactions may help engineering students develop relevant communication skills. In this study, junior level engineering students collaborated with junior level elementary education students to develop afterschool STEM clubs for elementary children. The study sought to identify the effects of a cross-disciplinary, project-based service-learning experience on: a) the development of a deeper understanding of engineering as a discipline and b) the development of skills necessary to communicate technical information to a non-technical audience. This paper describes the learning outcomes achieved by engaging undergraduate engineering students in cross-disciplinary working relationships. The results suggest that the cross-disciplinary experience affected learning in the knowledge, skills, attitudes and identity of student participants. Student learning was assessed through analysis of questionnaire responses and student reflections. The results also confirmed that simply knowing technical information does not correlate with the ability to communicate that same information. Students reported that they gained experience communicating technical content with non-technical audiences and developed leadership skills. Opportunities to learn communication skills were identified through student comments in course questionnaires and end of the semester focus group discussions.
INTRODUCTION
Professional engineers communicate with audiences representing diverse backgrounds. Engineers report that communication is an important activity that consumes approximately half of their day requiring conversation with both technical and non-technical audiences. 1, 2 While research has shown that communication skills are vital to success in engineering practice, engineering curricula do not adequately prepare engineering students to enter the workforce ready to communicate technical information to non-technical peers. 3, 4 Furthermore, the National Science Foundation has called for an increased focus in expanding professional formation across a variety of contexts including co-curricular activities and community-based learning experiences. 5 Most engineering student communication experiences involve communicating with other engineering students. The lack of experiences outside the engineering field leave graduates
CONCEPTUAL FRAMEWORK
The conceptual framework for this study focuses on the learning outcomes associated with service-learning experiences in engineering undergraduate programs. Prior work has shown that service-learning experiences allow engineering students to learn a variety of technical and nontechnical skills.
14, 15 The development of teamwork skills, effective communication skills, project management skills and a strengthened work ethic are identified learning outcomes related to service-learning activities. 14 Bielefeldt et al describes and categorizes the learning objectives achieved through project-based service-learning experiences. These specific learning outcomes are organized into four categories: Knowledge (technical), Skills (design, critical thinking, communication), Attitude (leadership, teamwork, creativity, cultural competence) and Identity (ethics, adaptability, global citizen, self-efficacy, societal context, lifelong learning, and sustainability). 15 For purposes of this study, cultural competence is an understanding of the beliefs and ways of life of the specific population (undergraduate education students or elementary children). Likewise, societal context is the ability of engineering students to assess the elementary children's perceptions of science and engineering and see their role in improving those perceptions.
LEARNING OBJECTIVES
In this study, we designed and implemented a cross-disciplinary, project-based service-learning experience to meet two learning objectives for the participating undergraduate engineering students:
1. To develop a deeper understanding of their chosen engineering discipline 2. To develop skills to communicate technical information with non-technical audiences These learning objectives for the project align with some of the learning outcomes described by Bielefeldt et al. achieved through project-based service-learning experiences. Learning Objective 1 corresponds with the Identity category. Undergraduate engineering students will gain a stronger understanding of their role within the engineering community as a result of the projectbased service-learning experience. Learning Objective 2 corresponds with the Skills category. This study provided multiple opportunities for engineering students to practice communicating technical knowledge to non-technical audience and measure the intervention's impact.
SERVICE-LEARNING ACTIVITY
The service-learning project involved undergraduate engineering students in a junior-level introduction to biomedical engineering course. This course is required for all students pursuing the biomedical engineering emphasis within biological systems engineering and an elective for other engineering students. This course is offered every fall semester with an enrollment of 40-48 students. The engineering course covers a wide-range of biomedical engineering topics including biomaterials, bioinformatics, and imaging. The course objectives state that students would be able to:
 Explain the most prevalent research areas and industrial applications in biomedical engineering  Identify the types of skills and analytical background required to successfully solve problems in the biomedical engineering fields  Evaluate the engineering aspects of medical technologies and advancements  Design a hands-on learning activity to demonstrate a particular biomedical engineering device or principle to a non-scientific audience
The service-learning project served as the final project for the course. The course instructor assigned students to teams with undergraduate elementary education students in a junior-level science methods course to develop and facilitate afterschool STEM clubs at local elementary schools ( Figure I ). Elementary education majors are required to have two introductory lecture and laboratory science courses along with the science methods course to meet the requirements of the degree. STEM clubs occur in informal environments and involve groups of students meeting regularly to participate in hands-on science, technology, engineering and math activities. Engineering and elementary education undergraduate students worked together to plan and implement hands-on learning activities for the elementary students attending the STEM clubs over six weeks during the second half of a sixteen week semester. Each team identified learning objectives and evaluation methods for their STEM club based on the topic chosen for their club. For example, one of the learning objectives of the Tissue Techs club (Table II) was that the elementary students would understand that cell function can be manipulated through scaffolds. Due to the informal nature of the afterschool STEM clubs, evaluation methods were typically based on student responses and ability to retain information from week to week. Every engineering and education student on the team was responsible for attending at least three days of the STEM club. In addition, each student was responsible for designing and leading the club activities for one day. Leading included identifying hands-on activities for the elementary students to understand key concepts, gathering and preparing supplies, and guiding the elementary students through the activity. Teams decided how to distribute responsibility for developing lesson plans and implementing club activities each day of the STEM club amongst the team members.
International The course instructors assigned students to groups based on their availability to attend the STEM club on a set day during the week and age preference. A total of 70 students participated; 24 education majors and 46 engineering majors. Each team consisted of two undergraduate elementary education students and four to five undergraduate engineering students resulting in twelve teams. At their initial in-class meeting, the team members discussed their prior formal and informal experiences with science and engineering. The students also participated in a 'draw an engineer' activity to explore stereotypes. The instructors reviewed the project guidelines during the combined meeting (Table I) . Students participated in Google+ community groups to facilitate discussions in an environment in which the instructors could monitor and support communications between group members. All students were required to post reflections to questions and respond to group members within these communities. Instructors and team members posted information pertaining to the project on the shared community space. During the second combined in-class meeting, the undergraduate students used class time to work in their teams to identify key learning objectives related to their STEM club topic and plan activities to achieve those learning outcomes. Each team identified and described the unique learning outcomes related to their club in the club description statements (Table II) . Prior to this meeting, the engineering students had identified a research article that exemplified biomedical engineering to explain biomedical engineering to their education student teammates. This paper served as a real-world biomedical engineering concept to guide the development of their STEM club.
The intervention described in this paper represents a service-learning experience. According to Furco, service-learning programs 'intention to equally benefit the provider and the recipient of the service as well as to ensure equal focus on both the service being provided and the learning that is occurring.' 16 The undergraduate engineering and education students are the service providers and the elementary students are the service recipients. The described experience intended to provide an opportunity for the elementary children to experience biomedical engineering. The program also intended to help the undergraduate engineering students develop a deeper understanding of the biomedical engineering field and learn communication skills by translating the technical content to both their education student teammates and the elementary children.
STEM Club Topics
Engineering and education students formed twelve cross-disciplinary teams covering a wide range of science and engineering topics ( Figure II) . Engineering students identified a research paper within their team that exemplified a specific topic within biomedical engineering. The team used the engineering and science concepts of the identified 'inspiration paper' to guide the development of each STEM club to ensure a strong connection between the STEM club activities and biomedical engineering research. For example, the focus of the Bone Yard club was a paper describing the effect of various bone cements on the mechanical properties of stabilized fractured bones. Accordingly, the team chose activities to help the elementary children understand bone structure and function, how bones break, bone deterioration (such as osteoporosis) and bone stabilization and healing. The primary focus of our club is the circulatory system with blood being a main topic of interest. We will be teaching the kids the importance of blood, and why it is needed for life. Blood types will be discussed, as well as the clotting process of blood. Pumping the blood throughout the body is also a main focus when talking about blood. We will end our club with explaining how the heart pumps and demonstrating this through the use of electrocardiogram. The focus of Crazy Creations is to narrow down the topic of tissue engineering into graspable concepts for 4th and 5th graders. The first concept that the students will learn is what makes up cells. Secondly, they will learn that to create a tissue, the cells must align themselves in a pattern that is natural for that tissue. Lastly, the engineering concept is how to design a scaffold or mold for the cells to grow in. This is essential in tissue engineering if an engineer wants to grow a specific tissue. All of these topics will build off each other every week, resulting in a final project of students building their own molds and growing rock candy on them to represent growing cells to form tissues like in tissue engineering. The overall focus of our club is looking at all of the important aspects of DNA. This includes fun, kid-friendly activities for each lesson plan. These include analyzing fingerprints, extracting the students' own DNA from their cheek cells, building candy DNA and using gummy worms as chromosomes, and identifying recessive and dominant traits. All of these activities revolve around the overarching theme of DNA, and we will structure the lesson plans to build on each other to extend their knowledge of this topic. At the end of the club, the students should have a solid background of DNA obtained by our engaging activities. Electrify the Children's Museum is focusing on electricity in the body. We are going to help children explore electricity and relate it back to how it works in their bodies. We will do this through engaging and hands-on activities. We are doing this through the use of stations at the museum. We will show kids the basics of electricity by teaching them about insulators, conductors, and simple circuits. We will build on this idea by making batteries made of everyday objects as well as using apps on the iPad and doing hands-on circuit making. We will also do activities based on static electricity. Each activity will be This club will focus on the bone regrowth process. We will discuss bone structure, injury, and factors which affect the repair process. Activities will include creating paper mache bones, athletic and artistic activities showing these processes, and discussions about how bones stay healthy and strong. Throughout the club meetings, students will work in groups to build a bone model, break the bone, and then repair their bones. These will then be put to the test on the final week of club. The focus of this club is problem solving dental hygiene issues. We are trying to prove why teeth care is important by explaining what causes our teeth to decay and how to prevent it. Our engineering focus is on the tooth itself and creating substances to protect our teeth from cavities or erosion. Each week our students will look at teeth that have been submerged in a substance that is either acidic or basic. The students will observe the teeth every week to see how each tooth is affected. This club is all about the heart. Throughout the weeks we will measure changes in our heart rate based on when we are scared, excited, relaxed, or physically active. We will then create a yummy heart model to learn more about the functions of the heart and why it is so important. Lastly, we will learn about artificial hearts, cell replication, and eventually build an artificial heart of our own. The focus of our club is the circulatory system of the human body. We will cover the heart, the blood, the kidneys, the lungs, and finally our engineering topic to pull everything that we have learned together. We have chosen our engineering topic to be an artificial heart valve, and during this final lesson we will go through the engineering problem solving method with the students. Additionally, we will utilize a poster of the circulatory system each lesson to provide continuity between lessons. The focus of our club is to describe the manipulation of cell growth for certain things throughout the body. We will first focus on how cells grow, operate. Then we will move into how those grow to form tissues. After we have a basis of tissues and cells we will move into the engineering behind cell manipulation through scaffolding. In short, we will talk about fixing issues with tissues.
3D printing activity using Twizzler Pull'n'peel as the filament The main focus of our club will be to teach students about the general concept of cells, bones, and tissue engineering. One of the main things we would like students to take away is the purpose and importance of bones in our bodies. The main concepts of each week will be cells, groups of cells, bones, repairing bones, and repairing bones with cells. The culminating project will be using paper to repair our paper maché bones to demonstrate to students how engineers use bone grafts to repair bones.
Papier mache bone building
METHODS
In this qualitative study, we sought to identify the shared patterns within the undergraduate engineering students' perceived learning outcomes. Student identification of the desired learning their responses to open-ended questions indicated an effect of the implemented learning experience on student learning. We used the Bielefeldt et. al learning outcomes as the conceptual framework to structure the analysis of the data. 15 We sought to provide a description, interpretation, and understanding of these learning outcomes as defined by the undergraduate engineering students. Specifically, we sought to determine how a project-based service-learning experience supports the development of communication skills and engineering identity of undergraduate engineering students (i.e., pre-service teachers, elementary children).
Participants
The course instructor invited the undergraduate engineering students to participate in the study at the start of the course. The instructor obtained informed consent for this study (IRB #20140814591EX) resulting in 77% of engineering students in the course agreeing to participate. This study uses data from 36 undergraduate engineering students from a Midwestern university. These students are juniors in biological systems engineering major; 14 female, 22 male, and 32 white, 3 of Asian descent, 1 identified as Hispanic (Table III) . The cohort of students consenting to participate in the study were consistent with the demographics of the entire class (55% male; 45% female; 81% white; 13% Asian descent; 6% identified as Hispanic). 
Data Collection
Data were collected through two open-response questionnaires administered as part of class assessments and a focus group conducted at the end of the project. We collected data from the engineering students prior to starting the STEM clubs, three weeks into the six-week STEM club experience, and at the end of the semester after the STEM clubs had concluded. We also collected data from the undergraduate education students, which is not included in this study.
Open Response Questionnaires
Instructors administered two questionnaires at the fifth and twelfth week of a sixteen-week semester course to assess attainment of the learning outcomes based upon the interactions between the engineering students and the education students as well as the elementary children. The first questionnaire asked students to identify the similarities and differences of their prior science and engineering experiences in relation to their undergraduate education and engineering teammates. The second questionnaire, at the twelfth week and three weeks into the afterschool STEM club experience, asked the engineering students to describe what they perceived they
were learning from their interactions with the education students and/or the elementary children. Each questionnaire was part of a course assessment and took only fifteen minutes to complete.
Questionnaire 1: Describe how your prior science and engineering experiences were similar or different from your TLTE and BSEN teammates.
Questionnaire 2: What (if anything) are you learning from teaching the elementary students or collaborating with the TLTE students?
Focus Groups
Students participated in a modified focus group interview to determine the impact of the project on their views for communicating technical content to non-technical audiences. The course instructor assigned engineering students to focus groups consisting of three to five students, each representing a different STEM club, in order to collect the shared understandings of the project. Students from each STEM club team were placed in separate focus groups. This allowed each student to have a unique story and perspective to share during the focus group discussion and provided more freedom to comment on their experience with their teammates. Focus group discussions occurred during the final week of the course. All engineering students participated in one of the 13 focus group discussions during a daily class meeting. As we are not looking for a consensus on the questions of the shared experiences, the focus group interviews provided a unique opportunity to observe different perspectives. Focus groups members self-moderated their discussion to encourage the undergraduate engineering students to share their views freely. Were they successful? Why or why not?  What impact do you feel you and your team had on how future teachers and elementary students perceive engineers? Prior to the focus group interview, the students were encouraged to share their ideas and opinions about the experiences. The interviews were recorded and transcribed verbatim.
Data Analysis
The data analysis procedure followed Miles and Huberman grounded theory model in which the conceptual framework defined the themes. 17 For this study, the thematic codes aligned with those developed by Bielefeldt et al. learning outcomes of project-based service-learning. 15 Data in the form of student responses were aggregated into a spreadsheet. The coding process involved reading and analyzing each student response to categorize within the thematic codes. After the initial round of coding, the research team engaged in a second round of coding which resulted in identifying an additional code -experiences with science and engineering. We triangulated the data by incorporating multiple data sources (questionnaires and focus group responses) collected at various time points to ensure validity of the conclusions. 18 International
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ANALYSIS OF STUDENT RESPONSES
Analysis of the data identified several themes in the student responses (Table IV) . The presence of a given theme in the collected student work is more informative than the absence of a theme. The absence of a theme simply indicates that the student did not choose to comment on a particular topic in the open-ended responses, which may be due to a lack of awareness of their learning or a lack of vocabulary to explain learning in a certain area. The engineering students described that communicating technical information to a non-technical audience requires a deeper understanding of the material. In addition, engineering students reported general communication skills and opportunities to develop leadership and teamwork skills. The most common responses indicated that the engineering students achieved learning outcomes related to cultural competence and societal context as defined in the Conceptual Framework section. Engineering students also indicated an improved appreciation of the differences between themselves and the education students.
Understanding Technical Knowledge
A small percentage of the student responses to the second questionnaire focused on the development of technical knowledge because of the service-learning experience (9%). The engineering students commented that communicating with the elementary education undergraduates or the elementary children required a deep understanding of the technical information. One student reflected in the focus group that,
"I thought it was nice, too, because when you have to explain it to someone else, you actually have to know what you're talking about. You can't hide behind big words; you have to break it down into simple terms."
The engineering students found the curiosity of the elementary children also pushed them to deepen their explanation of the technical material. One student noted, "Yeah, because kids are always, 'why? Well, why is that? Well, why is that?' so it's kind of a test on your topic." The elementary children amplified this experience for the engineering students when they connected the presented material to other related topics. The elementary children pushed the engineering students to think beyond their current understanding. One engineering student commented, [sic] ." The engineering students realized that explaining technical information to the elementary children required a strong understanding of the material. One student described this realization, stating they were learning "how to properly present material and information in a teaching setting. I feel like I also have a better understanding of tissue engineering since I've had to teach others about it."
"We were telling about how there's different cells, there's cells in the liver, and other muscle cells, and they're all different cells, and he's just like, why are bone cells harder than other cells? And I'm like good question! Not answering you right now! Going to come back to you in like ten years
Communication Skills
Students commented that the STEM club experience required strong communication skills (23% of responses to the second questionnaire) and provided an opportunity to develop these skills.
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Cultural Competence
Over half of the engineering students reported increased cultural competence (51% of responses) as a learning outcome of this experience. The engineering students learned that understanding the culture of their education student teammates and the elementary children was necessary to develop strategies to communicate effectively. One student commented, "I'm also learning that most kids really do think science is cool, they just don't have access to it. Hands on experiences help you get engaged and remember/learn things better." Another student reflected on the importance of being flexible and adapting to situations as they evolve stating,
"I am learning a lot of different things go into teaching. Teaching is something where you have to be very flexible. We can plan lesson plans and have a great vision of how we want the class to go, but things come up and it doesn't always turn out like we planned."
By the end of the semester, the engineering students appreciated the ability of the education students to prepare lesson plans and accommodate the specific needs of their audience (elementary children). The engineering students realized that they would use many of the same skills in their professional careers.
"What I took away from it though honestly is that there isn't that much of a difference between teachers and engineering because engineers utilize a different way to share their education and their knowledge of people. Granted the teachers that we worked with were much better at working with young students and coming up with lesson plans. I think it was more of a symbiotic relationship. I know I definitely learned a lot about teaching from the teachers that went to the (STEM club) with us. I would hope that the impact I had on the elementary students is at least getting them a little more interested in pursuing a career in designing or creating things." Societal Context
The second most common student response for learning outcomes related to societal context (43% of responses). Only a few engineering students noted in the second questionnaire that the elementary students were excited to learn science and engineering. One student commented, "I'm learning that most kids really do think science is cool, which is exciting, they just don't always have access to it." However, many of the engineering students commented on the 
Perceptions and Experiences with Science and Engineering
Responses to the first questionnaire reflected differences in the prior experiences of students related to science and engineering (Table V) . Over half of the engineering students (57%) answered the prompt 'Describe how your prior science and engineering experiences were similar or different from your TLTE [education] and BSEN [engineering] teammates' by stating that both groups had similar experiences. One student commented, "We were all similar in that we were exposed to science at a somewhat young age and all taught the basics throughout middle/high school." However, many of the students (49%) noticed that the engineering students remembered enjoying science and engineering experiences more than the education students did. Student responses often alluded to both the prior similar experiences and differing levels of enjoyment. 
DISCUSSION
This paper sought to identify the effects of a cross-disciplinary project-based service-learning experience on two learning objectives: developing a deeper understanding of the engineering discipline by undergraduate engineering students (Identity category) and developing skills to communicate technical information with a non-technical audience (Skills category). The results reveal that the learning objectives achieved by this experience aligned with all four of the learning outcome categories described by Bielefeldt et. al. 15 
Technical
The development of technical skills was not a focus of this experience. However, the engineering students had to recall technical information to support the content of the STEM clubs. Often the elementary children would challenge the scope of the engineering student's knowledge. The majority of the technical knowledge gained through the STEM club experience better aligns with the core content of the education students. The engineering and education students learned how to prepare lesson plans for the STEM club activities and maintain order in a classroom of children. While not immediately apparent, these technical skills are transferable to situations in professional engineering careers. For example, the skills associated with preparing a lesson plan are similar to planning a business meeting. In planning a meeting, a future engineer will need to assess the current understanding of their audience and determine appropriate outcomes for the meeting. Based on these outcomes, the engineering students are prepared to identify appropriate discussion questions or meeting activities.
Skills
The engineering students had a variety of opportunities to practice communication skills through the project-based service-learning experience. Communication across a variety of contexts was integral to planning and facilitating the STEM clubs. The experience provided an opportunity to practice aligning technical content to meet the needs of an audience.
It is worth noting that none of the collected student work mentioned the development of design or critical thinking skills because of the STEM club experience. The development of the STEM clubs followed a process similar to engineering design. The student teams were given a problem (create and implement a STEM club for elementary children) with criteria and constraints (time limitations, topic must relate to biomedical engineering, etc.). The teams brainstormed and selected activity ideas to meet the learning objectives similar to a design solution. The student teams evaluated the success of the STEM club at the end of the semester. Despite the alignment with the engineering design process, the engineering students did not recognize the design aspect of the STEM clubs. This may have been due to the non-technical nature of the problem of designing an afterschool STEM club.
Attitude
While the intent of the cross-disciplinary activity was to achieve learning outcomes classified as Skills and Identity, the majority of student responses reflected the Attitude theme. Students recalled opportunities to practice leadership skills in meaningful ways through the afterschool STEM clubs. Several students mentioned the importance of planning and preparation for success. Students developed cultural competence to guide their communications with both their
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teammates and the elementary students participating in the afterschool STEM clubs. While these skills relate to general communication skills, the awareness of the engineering students to capture the attention of the elementary students by being fun and engaging while breaking down complex ideas to be relevant to both their teammates and the elementary students aligns with the cultural competence of the Attitude category.
Creativity was the only skill in this category not mentioned in the student responses. As evidenced in Table II , nearly every STEM club team developed creative activities to teach their children about biomedical engineering. For example, the Tissue Techs club designed an activity using Twizzler Pull'n'Peel candy to allow elementary children to pretend they were a 3D printer. The candy represented the plastic extruded from the printer that the children used to build artifacts. Through this activity, the children were able to understand the limitations and capabilities of the additive process of 3D printing. Despite these creative solutions to achieve complex student learning outcomes, the engineering students did not identify the activity as a creative experience.
Identity
The engineering students developed a stronger understanding of the engineering discipline through the STEM club experience. Translating complex topics to the elementary education students and the elementary children pushed the engineering students to deepen their understanding and highlighted gaps in their knowledge.
Engineering students gained an understanding of the societal context of both the elementary education students and the elementary children attending the afterschool STEM clubs. The engineering students correctly identified that they will not likely encounter these specific populations in the engineering profession. However, students will encounter other non-technical audiences such as clients and management in the engineering profession. The skills developed in identifying the unique contexts of non-technical audiences and meeting their unique needs are transferrable to these future interactions.
Three skills within the Identity category were absent in the collected student work: ethics, lifelong learning, and sustainability. Due to the nature of the STEM clubs, we did not anticipate outcomes related to these areas.
There are limitations to using the development of afterschool STEM clubs as an engineering project-based service-learning project. The instructors guided students to connect the STEM club topics to biomedical engineering. However, students struggled to see the development of the project as an engineering activity. In prior years, the instructors allowed students to choose any biomedical engineering topic as the focus of the STEM club. Often the resulting club topics would be limited to standard elementary science activities such as states of matter or chemical reactions. As a result, students would fail to connect the clubs to biomedical engineering. Requiring students to choose the STEM club topic with respect to a primary literature article helped strengthen this connection.
CONCLUSIONS
This cross-disciplinary, project-based service-learning experience provided opportunities for engineering students to achieve the desired learning objectives of deepening their understanding of the engineering discipline and developing skills to communicate technical information with a non-technical audience. The results of this study validate the hypothesis that undergraduate engineering students would develop communication skills and a deeper understanding of their field through collaborations with elementary education students to lead afterschool STEM clubs. While the experience did not provide opportunities to practice engineering professional skills, such as design and critical thinking, students reported learning communication and leadership skills, and gained experience understanding the unique societal and cultural contexts of nontechnical audiences. Learning experiences that combine cross-disciplinary teamwork with service-learning through K-12 outreach activities may help meet the need to expand professional formation of engineers to prepare engineers for the workforce.
